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A Dockwall Failure in Milwaukee, Wisconsin 
A. B. Wagner 
STS Consultants, Ltd., Milwaukee, Wisconsin 
SYNOPSIS In 1975, a dockwall at the Port of Milwaukee, Wisconsin failed as salt was being deposit-
ed behind the wall. In 1981, exploration at the site was required for a new development. The ex-
ploration program included field testing to measure the shear strength of the organic soils through 
which the failure occurred. Dutch cone and vane shear devices were used. Continuous undisturbed 
samples were obtained in two (2) borings. This allowed an accurate determination of the strati-
graphy in the slide area. The shear strength of the undisturbed samples was measured in the lab-
oratory by means of the Torvane device. The shear strength data were used in slope stability 
analyses using the STABL program. These analyses provided insight into the shear strength regime 
that would provide a factor of safety of unity. The shear strengths determined by the various 
methods are compared and discussed in light of the site stratigraphy. 
BACKGROUND 
In June, 1975, the storage of salt began on a 
site on the western shore of the Kinnickinnic 
Basin at the Port of Milwaukee, Wisconsin. The 
salt pile was rectangular in plan with dimen-
sions of approximately 300 feet north-south 
by 280 feet east-west. The salt pile had 
sloping sides and a nearly flat top that 
reached 30 feet above the surrounding grade. 
The sides were sloped at the natural angle of 
repose, approximately 33 degrees. The salt had 
a unit weight of 73 pcf. The toe of the pile 
was located 25 feet behind the shoreline. 
Placement of salt began to the west and pro-
gressed toward the shoreline. When the salt 
pile was nearing completion in August, 1975, 
a slide occurred. 
In 1981, the Port of Milwaukee, U.S.A., auth-
orized a study to evaluate the feasibility of 
developing a 14 acre site that included the 
area where the salt pile slide occurred. This 
afforded the opportunity to explore the area 
of the slide, determine the subsurface condi-
tions and make an after-the-fact analysis of 
the slope stability. 
SITE EXPLORATION 
Sixteen (16) standard penetration soil borings 
were drilled on the site as part of the sub-
surface exploration program. The borings ex-
tended to depths between 31.5 and 142.0 feet. 
Six (6) borings (B-3, B-5, B-6, B-9, B-14 and 
B-18) were drilled in the vicinity of the 1975 
slide. During the course of the study, two 
(2) additional'borings (B-3A and B-9A) were 
drilled in the slide area to provide continuous 
undisturbed samples by means of 3 inch diame-
ter shelby tubes. The locations of the bor-
ings in the slide area are illustrated on 
Figure 1. 
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The exploration program included vane shear and 
Dutch cone testing to measure the shear strength 
of the subsoils. Dutch cone testing was per-
formed in three {3) of the slide area borings, 
while vane shear testing was performed in four 
(4) of the borings. The Dutch cone testing was 
performed continuously through the soft subsoils 
with a complete set of readings being obtained 
for each 20 em of penetration. The vane shear 
tests were performed at intervals of 1 meter. 
The shear strength of the undisturbed soil 
samples was measured in the laboratory by means 
of the Torvane device. 
The Dutch cone consisted of a mechanical device 
with a cone area of 20 cm2. The field vane 
measured 5 x 11 em. The attachment of the vane 
to the torque rods allowed for 150 of rod rota-
tion before engaging the vane. This provided a 
means to correct for rod friction. 
SITE CONDITIONS 
The soil borings indicated four {4) major 
strata: 
1. Uncontrolled Fill 
2. Organic Soils 
3. Firm Nonorganic Soils 
4. Bedrock 
Figure 2 illustrates the soil profile through 
the slide area. Table I lists all of the "con-
stant" soil parameters. 
At the time of the recent borings, the fill 
thickness ranged from 5.0 to 28.0 feet. 'The 
greatest thickness of fill occurred at the lo-
cation of the former salt pile. The thickness 
of fill may have been related to the downward 
penetration of the salt pile during the slide. 
Following the slide, the salt was removed and 
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Fig. 1. Site Plan 
the resulting depression was filled to level 
the site. At the time of the slide, the fill 
surface was approximately 2 feet above the 
lake level. The fill contained a variety of 
soil and material types including sand, gravel, 
cinders, foundry sand, demolition rubble and 
smaller quantities of silt and clay. The 
relative density of the fill varied as widely 
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The thickness of the organic soils ranged be-
tween 45.0 and 60.0 feet in the area of the 
slide. The organic soils consisted of organic 
clayey silt and organic silty clay. Layers, 
seams and pockets of less organic soils, such 
as silt and fine sand occurred within the or-
ganic soils. The number of these varied with 
elevation as will be discussed in more detail 
below. The organic soils most commonly ".ac" 
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TABLE I. Soil Parameters 
LAYER DESCRIPTION 4>0 c(psf) ft (pcf) 
1 SALT 33 0 73 
2 FILL 35 0 126 
3 ORGANIC SILT 0 Varies * 98 
4 ORGANIC SILT 0 Varies* 98 
5 ORGANIC SILT 0 1500 98 
6 ORGANIC SILT 0 880 98 
7 SILT & FINE SAND 40 0 140 
* See TABLE II 
water contents between 50 and 75 percent and 
unit dry weights of 45 to 70 pcf. Limited 
testing indicated that the plasticity index of 
the organic soil was near 20 percent. The 
shear strength of the organic soils will be 
discussed in the following section. 
The soils that were encountered immediately 
below the organic soils were most commonly 
silts and fine sands that were in a medium 
dense to dense condition. These soils ex-
tended to the maximum depth explored in some 
borings. In other borings, relatively exten-
sive deposits of moderate strength cohesive 
soils occurred at approximately 90 to 100 feet 
below the ground surface. 
Several of the borings reached bedrock which 
occurred from 123 to 135 feet below the eleva-
tion of Lake Michigan (580 feet). 
SHEAR STRENGTH 
The shear strength measured by field and lab-
oratory methods are plotted versus elevation 
on Figure 3. 
Note that both the minimum and average of the 
five (5) strengths measured by the Dutch cone 
test method in each 1 meter interval were plot-
ted. The average shear strength in each 1 
meter interval ranged from 1.0 to 2.7 times 
the minimum value. The maximum shear strength 
in each 1 meter interval ranged from 1.0 to 
5.0 times the minimum value. The shear 
strength for the Dutch cone method was calcu-
lated from the following equation: 
Where c 
(eq 1) 
the undrained shear strength 
in psf 
the unit pressure on the cone 
in psf 
the cone bearing capacity 
factor 
TheN value was assumed to be 13.7. The ef-
fect 8f the surrounding overburden pressure 
was ignored. 
The,shear strength for the vane shear method 




-7- TfD 3 (eq 2) 
Where c the shear strength 
T the torque required to 
rotate the vane 
D the diameter of the vane 
Since the plasticity index of the organic soil 
was near 20%, no correction for this parameter 
was felt to be necessary. 
The highest shear strength was consistently 
measured by the field vane device. The shear 
strength from the field vane test typically 
ranged from 1.2 to 3.9 times the minimum shear 
strength measured by the Dutch cone device. The 
average shear strength from the Dutch cone in 
each 1 meter interval compared more favorably to 
the shear strength measured by the field vane, 
but the former was generally slightly lower. 
The minimum Dutch cone shear strength in each 
1 meter interval generally compared somewhat 
more favorably to the shear strength measured 
by the Torvane device. However, the former was 
higher by factors of 1.1 to 2.9. The average 
factor was 1.6. 
Of interest is the significant reduction in 
shear strength measured by the Dutch cone device 
in both Borings B-3 and B-9 at elevation 539.0 
feet. A similiar reduction in shear strength, 
as measured by the field vane device, was ob-
served in Boring B-9 near elevation 559.0 feet. 
These zones of reduced strength will be dis-
cussed further below. 
STABILITY ANALYSIS 
Slope stability analyses were made by computer 
using the STABL program. The STABL program was 
developed to handle general slope stability pro-
blems by means of the simplified Janbu and the 
modified Bishop method of slices. The STABL 
program features unique random techniques for 
generating potential failure surfaces for sub-
sequent determination of the more critical sur-
faces and their corresponding factors of safety. 
In the particular analyses which were made, 
from 50 to 110 trial surfaces were analyzed for 
computation of factor of safety. 
The most important decision regarding input for 
the analysis was the shear strength of the or-
ganic soils. Due to variations measured in the 
shear strength, several cases were analyzed. 
These cases are described as follows: 
CASE 1 -- DUTCH CONE --
The shear strengths were selected 
to approximate the minimum values 
measured by the Dutch cone device 
at each boring location. 
CASE 2 -- EXTREME LOW 
The lower bound of the shear 
strength measured by all means 
was selected for each boring lo-
cation. Anomalies, such as the 
reduced Dutch cone shear strengths 
that occurred near elevation 
539.0 feet, were ignored. 
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CASE 3 -- AVERAGE LOW --
The average of the lower 
strengths measured by the Tor-
vane and Dutch cone devices 
was selected for each boring 
location. A single step 
strength increase in the land-
ward direction was modeled. 
CASE 4 -- AVERAGE UNIFORM 
A uniform average of the 
lower strengths measured by 
the Torvane and Dutch cone 
devices was selected. 
The shear strength profiles that were used for 
analysis at each boring location, for each of 
the above cases, are illustrated in Figure 4. 
Further, soil profile information is summa-
rized in Tables I and II. 
TABLE Ii. Analysis Shear Strength 
Case Description Shear Strength (psf} F.s. Layer 3 Layer 4 
1 Dutch Cone 580 1000 1.29 
2 Extreme U:Jw 300 530 0. 79 
3 Average U:Jw 450 650 1.07 
4 Average Uniform 530 530 1.02 
The stability analyses were made on the basis 
of total stress since no pore pressure data 
were available. 
The factors of safety ranged from 0.79 for Case 
2 (EXTREME LOW SHEAR STRENGTH} to 1.29 for Case 
1 (DUTCH CONE SHEAR STRENGTH} . No analysis 
was made for the case of field vane shear 
strength since these higher values would have 
provided a higher factor of safety then the 
Case 1 analysis. The factors of safety for 
Case 3 (AVERAGE LOW} and Case 4 (AVERAGE 
UNIFORM} were relatively close to unity at 
1.07 and 1.02, respectively. 
Of interest is the fact that the critical fail-
ure circle (F.S. = 1.02} for Case 4 intersects 
both Borings B-3 and B-9 near elevation 539.0 
feet. 
CONCLUSIONS 
From the perspective provided by the stability 
analyses, it is apparent that the shear 
strengths measured by the field vane and the 
average shear strengths measured by the Dutch 
cone were too high. Possible reasons are dis-
cussed later in this section. Using either 
shear strength would have resulted in factors 
of safety well in excess of unity. The more 
conservative Case 1 analysis using the lowest 
shear strength measured by the Dutch cone in 
each 1 meter interval resulted in a factor of 
safety of l. 29. 
Conversely, the Case 2 analysis using the ex-
treme lower bound shear strengths, which were 
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generally obtained from laboratory Torvane 
tests, was too conservative. 
The Case 4 analysis which was based on uniform 
shear strength of 530 psf gave a realistic fac-
tor of safety, 1.02. Furthermore, the critical 
failure surface intersected both Borings B-3 and 
B-9 near elevation 539.0 feet. This elevation 
was where a marked reduction in shear strength, 
as measured by the Dutch cone, was noted in 
both borings. This lends creedence to the shape 
of the failure circle from this analysis. How-
ever, measurements by all methods indicated 
greater strengths in a landward direction. 
Thus, it is unlikely that the model based on 
uniform shear strength was entirely valid. 
The Case 3 analysis modeled an increase in shear 
strength in a landward direction. However, it 
is not clear if the gradient in strength was 
high enough. At any rate, the shear strength 
gave a slighly unconservative factor of 
safety of l. 0 7. 
The analysis did not offer an explanation for 
the significant reduction in strength measured 
by the field vane near elevation 559 feet in 
Boring B-9. However, a possible explanation 
was provided by the continuous shelby tube 
samples that were obtained in the supplemental 
Boring, B-9A. A relatively thick layer of 
silty fine sand and fine sandy silt was ob-
served at this elevation. These saturated soils 
may have become disturbed by the shearing ac-
tion of the vane and provided little resistance. 
The variations in shear strength measured by 
the Dutch cone in each 1 meter of penetration, 
at some levels, suggest a layered soil profile. 
The continuous samples obtained in Borings B-3A 
and B-9A confirmed a highly layered profile 
above elevation 550 feet and a moderately 
layered profile below elevation 530 feet. The 
layered profiles consisted primarily of organic 
silt but contained frequent thin silt and fine 
sand seams. Below elevation 530 feet, the 
layered soils gradually graded into the underly-
ing nonorganic soils. 
The magnitude of the variations between the 
lowest and the average shear strengths deter-
mined in each 1 meter interval by the Dutch 
cone appears to be directly proportional to the 
number of seams included in the organic soils. 
Between elevations 550 and 530 feet, where uni-
form organic silty clay occurred, the minimum 
and average shear strengths measured by the 
Dutch cone in each 1 meter interval were rela-
tively close. 
It is concluded that the thin horizontal 
sand and silt seams, that were confined in a 
matrix of organic soils, provided some rein-
forcement against shearing by the relatively 
small scale probes. This apparently resulted 
in the relatively high shear strengths indicat-
ed by the field vane and by averaging the cone 
results over a 1 meter interval. The lowest 
cone shear strengths in each 1 meter interval 
were apparently more representative of the or-
ganic soil matrix between the silt and sand 
seams. It does not appear that the silt and 
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sand seams that occurred within the organic 
soils had a significant large scale reinforcing 
effect. 
The Dutch cone may have been successful in 
locating the failure plane. However, no other 
method of testing indicated a significant re-
duction in shear that could be attributed to 
remolding that occured along the slip surface. 
This may be related to the more continuous 
nature of testing provided with the Dutch cone, 
rather than inherent deficiencies in the other 
methods of testing. 
No visual indication of the position of the 
slip circle was apparent from observing the con-
tinuous shelby tube samples that were obtained 
in Borings B-3A and B-9A. 
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